of nitrogen to the atmosphere as ammonia (Kerr, 1995; Ferguson et al., 1998; Hobbs et al., 1998). Once excreted,
Segregation of urine from feces at excretion should terminate the process at the start, by preventing urease from hydrolyzing the urinary urea (Mobley et al., 1995) . E missions of ammonia contribute to acid precipita-A urease inhibitor like NBPT may also prevent this tion and eutrophication of surface waters (Lowe, hydrolysis even when urine and feces are mixed (Varel 1995) . Atmospheric ammonia forms fine particulate et al., 1999) . When urea is hydrolyzed, an agent that matter (PM 2.5 or particles 2.5 m in diameter or smaller; chemically converts or binds ammonium or ammonia USEPA, 1997), an air pollutant regulated under the in the slurry, as the plant extract of yucca is believed Clean Air Act. The volatilization of ammonia from swine to do (Headon et al., 1991) , would prevent ammonia manure is estimated to contribute more than 10% of all from being converted to the gaseous form. anthropogenic ammonia emissions in the United States Potential strategies to reduce ammonia volatilization (Battye et al., 1994) . In addition to the environmental include changing the physical, chemical, and microbioconcerns, the volatilization of nitrogen reduces the ferlogical factors that affect the formation of ammonium tilizer value of manure. More than $80 million of fertiland ammonia and the release of ammonia from the izer value is lost in the United States, annually, because manure solution. Our hypothesis was that these manageof nitrogen volatilization from manures (Mackie et al., ment strategies, evaluated in a laboratory-scale experi-1998). For swine manure alone, the USEPA estimates ment, can be used to reduce the ammonia volatilized that more than 400 000 Mg per year, or about 63% of the over time, the total amount of nitrogen lost, and the nitrogen, is volatilized under normal production conproportion of slurry nitrogen remaining in the form of ditions (USEPA, 2004) . ammonium, by intervention at different points in the Dietary changes have been shown to affect the initial process leading to ammonia volatilization. amount and form of nitrogen available for volatilization
The objective was to determine how the pattern of (Sutton et al., 1999) . Numerous studies have demonnitrogen conversion and ammonia volatilization varies strated that reducing dietary crude protein results in reover time for various manure management strategies. duced nitrogen excretion and, therefore, potential losses
To accomplish this, we studied the effects of (i) temperature, (ii) continuous stirring, (iii) addition of a nitrogen sion potential of swine manure.
ing unstirred. Duplicate vessels were established for each stir-
MATERIALS AND METHODS
ring regime ϫ time (24, 48, 72 , and 96 h) combination (n ϭ Six trials were conducted using a direct measurement tech-16). Continuous stirring was achieved by placing the vessels, nique to evaluate the effects of (i) temperature variation, each containing a large stir bar, individually on stir plates (ii) continuous stirring versus no stirring, (iii) addition of a (Isotemp Catalog #11-600-49SU; Fisher Scientific, Hampton, nitrogen binder, (iv) addition of a urease inhibitor, (v) segrega-NH). The plates were set to continuously mix at 1200 rpm tion of urine and feces, and (vi) pH adjustment on in vitro throughout the storage period. The unstirred vessels were left ammonia volatilization from swine manure.
undisturbed on a laboratory benchtop at room temperature.
Substrate Collection Nitrogen Binder Effects
With the exception of the segregation trial, fresh manure Yucca extract as De-Odorase (Alltech, Nicholasville, KY) was collected as needed from the flush gutters of solid conwas added to the vessels at 0, 7.4, and 14.9 mg/L to evaluate crete-floored pens housing grow-finish pigs fed a corn and the effects of a nitrogen-binding agent on ammonia emission soybean meal diet (11-12% crude protein). In addition to corn potential. The binder was stirred into the substrate of each and soybean meal, the only remaining diet ingredients were vessel before storage at room temperature. Each binder dose ϫ minerals and vitamins. Buckets of manure were sealed and time (24, 48, 72 , and 96 h) combination was represented by stored at Ϫ20ЊC. Before each trial, the buckets to be used duplicate vessels (n ϭ 24). The 7.4 mg/L corresponded to the were thawed at 4ЊC. The manure from each bucket was handrecommended dose (2 ounces per ton), while the 14.9 mg/L mixed and diluted with water in a 1:1 (v/v) ratio. For the represented a double dose. The control group received no segregation trial, urine and feces were collected directly from additive. pigs on a 17.5% crude protein corn and soybean meal diet with minerals and vitamins. The excreta were separately frozen, Urease Inhibitor Effects thawed, and diluted 1:1 (v/v) with water to mimic the dilution The urease inhibitor NBPT (Agrotain International, St. that normally occurs in deep pit manure storage systems from Louis, MO) was evaluated as a manure amendment. Conpit charging and wasted drinking water.
centrations of the commercial product used were 0, 76, and Following dilution, the substrate from each bucket was sam-152 L/L of manure with each volume of product containing pled for total solids (TS), volatile solids (VS), total Kjeldahl 25% NBPT by weight. The 76 L/L corresponded to the nitrogen (TKN), and ammonium nitrogen (NH ϩ 4 -N) analyses. recommended dose for liquid manure, while the 152 L/L Total Kjeldahl nitrogen and ammonium nitrogen were anarepresented a double dose. The control group received no lyzed on the wet samples to minimize nitrogen volatilization.
additive. The product was pipetted and stirred into the subAll analyses were run in duplicate and followed procedures strate of each vessel before storage. Vessels were established, outlined by AOAC International (2002) . Analysis of the initial in duplicate, for each inhibitor dose ϫ time (24, 48, 72, and substrate is provided as a reference point only (footnote of 96 h) combination (n ϭ 24), and stored at room temperature. Tables 1-6), as the initial content was not considered a treatment and therefore not included in statistical analyses.
Segregation Effects
The manure storage vessels were constructed of 10.2-cm polyvinyl chloride (PVC) pipe. Bottoms of the vessels were
The impacts on ammonia emission potential when urine a PVC cap. Each vessel had an operating capacity of 2 L and and feces are stored separately were evaluated by comparing a headspace of 280 cm 3 . Duplicate vessels were filled with 1 L dilute urine, dilute feces, and a mixture of the two as the of manure slurry for each combination of storage time (24, substrates. Fresh feces and urine were collected from grow-48, 72, and 96 h) and treatment. Treatments and storage times finish pigs into separate buckets and frozen. The buckets were were assigned randomly to vessels, after filling, and the bucket thawed and diluted 1:1 (v/v) with water before filling the source of each vessel was recorded. The top of each vessel was vessels to mimic the dilution that normally occurs in deep pit closed with a rubber stopper and all vessels were left undismanure storage systems from pit charging and wasted drinking turbed at room temperature during their assigned storage water. The mixture vessels contained urine and feces in an periods. Because the vessels were stoppered, gases would accuas-excreted ratio (Standard D384.1; American Society of Agrimulate in the headspace. However, because manure had been cultural Engineers, 2003) with 466 mL of dilute urine and frozen before use, the microbial activity was depressed suffi-534 mL of dilute feces per vessel. Duplicate vessels were estabciently that excess pressure did not build up in the headspace.
lished for each substrate ϫ time (24, 48, 72 , and 96 h) combination (n ϭ 24), and stored at room temperature.
Treatments pH Effects Temperature Effects
The effects of pH on ammonia emission potential were evaluated by storing manure in the vessels at an initial pH of Temperature effects on ammonia emission potential were 5. 30, 6.59, and 8.85 . Duplicate vessels represented each pH ϫ evaluated by storing manure in the vessels, and maintaining time (24, 48, 72 , and 96 h) combination (n ϭ 24). The pH 6.59 them at 24, 35, and 42ЊC. Vessels were established, in duplicate, corresponded to the original slurry pH, with no added acid for each temperature ϫ time (24, 48, 72 , and 96 h) combination or base. The pH 5.30 was obtained by addition of 17 to 18 mL (n ϭ 24). Room-temperature vessels (24ЊC) were stored on a of 4 M hydrochloric acid to each vessel. The pH 8.85 was laboratory bench top. The 35 and 42ЊC temperatures were obtained by addition of 8 mL of 5 M sodium hydroxide per maintained using one of two water baths, preheated to the liter of slurry. After addition of acid or base and before storage prescribed temperature.
at room temperature, the starting pH of each vessel was measured using a combination pH electrode (Model 50200; Hach,
Stirring Effects
Loveland, CO) and pH meter (Model 250; Denver Instrument, Denver, CO). The final pH of a sample from each vessel was The effects of stirring on ammonia emission potential were evaluated by storing manure under continuous stirring or leavmeasured after storage.
by storage time. The slopes of the storage time regression
Measurements and Analyses
equations were compared with each other in a pair-wise fashAt the end of each storage time, the designated vessels were ion using t tests of the treatment ϫ hour parameter at each opened, and headspace ammonia (HSAN) concentrations storage time. were measured using Drä ger sample tubes, which ranged from In all trials, simple correlation procedures were used to 0.25 to 700 ppm, and a Drä ger accuro bellows pump (Drä ger evaluate relationships between slurry NH ϩ 4 -N data and HSAN Safety, Pittsburgh, PA). The lower detection limit of the tubes data. Data were analyzed separately for each trial because of used was initially 5 ppm. However, due to the low concentradifferences in manure sources and handling. Significance was tion of ammonia, tubes with a lower limit of detection of declared at P Յ 0.05. 0.25 ppm were adopted for the remaining trials. Room temperature was recorded daily during the temperature, N binder, and urease inhibitor trials, because of unusually warm labora-
RESULTS AND DISCUSSION
tory conditions (see Calculations, below).
Temperature Effects
The slurry in each vessel was mixed and sampled to analyze final TKN, NH ϩ 4 -N, TS, and VS (and pH for the pH trial).
The main effect of storage time on TS and VS concenAmmonium N and TKN analyses were begun on the wet trations was not significant (P Ͼ 0.05 The mass of ammonia released into the headspace was calStorage temperature and time had no effect on TKN culated as: headspace concentration of ammonia in ppm multiconcentration (Table 1) . However, slurry ammonium N plied by 1 ϫ 10 Ϫ6 and the molecular weight of ammonia, and concentrations averaged 1.08 Ϯ 0.07 g/L initially, and divided by the molar volume of headspace gas (Lefcourt, 2001 ).
increased when storage vessels were heated above room
The molar volume of headspace gas was determined using the Ideal Gas Law, where the volume in L/mol equals the gas contemperature and were stored over time (Table 1) The increase in NH (Table 2 ). There was a significant 24.62994 treatment by hour interaction for ammonium N as a percentage of TKN (P ϭ 0.0016). Left unstirred, a steady The response of headspace ammonia N concentration increase in manure ammonium N as a percentage of to temperature may not be linear (R 2 ϭ 0.47). We were TKN over time was observed, while stirring yielded more unable to test for quadratic or higher order effects beerratic results over time. cause only three temperatures were evaluated. No storHeadspace ammonia N concentration was increased age time effects were observed for HSAN concentra-119% by stirring (Table 2) , and was greater after 96 h tion (Table 1) .
Slurry ammonium N concentrations and ammonium of storage (7.8 mg/m 3 ) than after 24 to 72 h (2.9, 3.1, N as a percentage of TKN were both positively correand 3.4 mg/m 3 , pooled across stirring regimes; P ϭ lated with headspace ammonia N concentrations (r ϭ 0.0276; Table 2 ). 0.85 and r ϭ 0.85, respectively). Increased storage tem-
The results suggest that stirring increased ammonium peratures facilitated both ammonium N production and N formation from organic nitrogen. Stirring also increased ammonia N volatilization. Ammonia N volatilization volatilization of ammonia N, but not enough to deplete increased when the pool of readily volatilized slurry the ammonium N pool. The size of this pool (absolute nitrogen (in the form of ammonium N) was increased.
and as a portion of the TKN) was positively correlated It also slowed as the slurry ammonium N accumulation with the concentration of headspace ammonia N (r ϭ slowed. It cannot be determined from correlation analy-0.5, P ϭ 0.0376 and r ϭ 0.74, P ϭ 0.0009, respectively). ses if one of these events caused the other.
Nitrogen Binder Effects Stirring Effects
The laboratory temperature was an average 22 Ϯ 0.7ЊC There were no differences in concentrations of TS, during the four days of the trial. Mean concentrations VS, and TKN between vessels attributed to stirring reof TS, VS, and TKN (Table 3) were not affected by gime or storage time (Table 2) . Stirring increased ammovariation of the dose of yucca extract or the storage time. nium N concentrations, pooled across storage times, by
The changes in TKN concentration during storage did 4.8% compared with not stirring (1.53 vs. 1.46 g/L; P ϭ 0.0013; Table 2 ). Ammonium N concentration increased not follow a clear pattern over time, and may have been made apparent by a low standard error in this trial proportionate across storage times, and total decreases to be greater after more than 24 h of storage.
Ammonium N concentration and ammonium N, as a Headspace ammonia N concentrations were weakly correlated with ammonium N concentrations (r ϭ 0.42, percentage of TKN, increased over time (Table 3) , indicating that ammonium N production occurred faster than P Ͻ 0.05), and not with the percentage of TKN as ammonium N. Yucca may have been acting as a nitrogen nitrogen volatilization with no treatment differences.
Headspace ammonia N concentration was significantly binder, because it decreased ammonia volatilization withaffected by hour (P Ͻ 0.0001), peaking at 48 h (1.7 mg/ out affecting slurry ammonium N concentrations. The rem 3 ; Table 3 The laboratory temperature averaged 25 Ϯ 0.3ЊC durcrease in gas density at 72 h compared with 48 h. Vessels ing the four days of the trial. Dose of NBPT and storage stored for at least 48 h had positive headspace ammonia time had no effect on mean TS, VS, or TKN concentra-N concentrations.
tions (Table 4) , indicating no net TS or VS degradation Headspace ammonia N concentration was the only or TKN loss. measurement that decreased with increased dose of yucca Ammonium N concentration and ammonium N as a (Table 3) . There is further evidence of this effect in the percentage of TKN were significantly increased by indecreasing functions of the regressions at all storage creased storage time (Table 4) , but not dose of NBPT. times except 24 h (Fig. 1 ). There may have been a lag Ammonium N concentration was greater after 96 h (1.72 time of 24 to 48 h before enough ammonia volatilized g/L) than the other storage times, which were not signifito be able to observe dose effects of yucca. Figure 1a sugcantly different from each other. Ammonium N as a pergests that headspace ammonia N concentrations were centage of TKN was less at 24 h (31.6%) than after more approaching an equilibrium at each dose, as exhibited by time, with 48, 72, and 96 h values not different from each the decreasing change in ammonia N concentration from other (Table 4) . one day to the next at all doses (Table 3) . While storage
The only significant dose effect of NBPT was on headtime and the time ϫ treatment interaction significantly space ammonia N concentration (P ϭ 0.0131). The adimproved the model (R 2 ϭ 0.80, P Ͻ 0.05), the slopes dition of a double dose of NBPT (152 L/L) increased of the hourly regressions did not differ from each other, headspace ammonia N concentration compared with indicating that the dose effect was not dependent on time the control and single dose, but the result of a single dose of storage. Therefore, we should expect decreases in ammonia N concentrations from each dose of yucca to be (76 L/L) was not different from the control (Table 4) . 
07%, volatile solids (VS) content ϭ 8.86%, total Kjeldahl nitrogen (TKN) content ϭ 3.82 g/L, ammonium nitrogen (NH 4
؉ -N) content ϭ 1.14 g/L, ammonium nitrogen, percent of total Kjeldahl nitrogen (NH 4 ؉ -N, % of TKN) ϭ 29.9%. For each dose-time combination, n ϭ 2.
‡ Main effect means within a column having different letters differ significantly (P Ͻ 0.05). § Main effects were determined with treatment as a continuous independent variable. Therefore the interaction of the main effects was not included in the statistical model.
This observation is in contrast to Varel et al. (1999) who of slurry for 24, 72, and 96 h lines, respectively; R 2 ϭ observed that increases in ammonia concentrations in 0.76, P ϭ 0.001). The significantly greater slope at 96 h cattle feedlot manure were prevented for a five-week time compared with 24 and 48 h is evidence of a greater dose period with the repeated application of NBPT. Differeffect with increased storage time. ences between the studies probably stem from the fre-
The results of this experiment do not support the funcquency of application of the NBPT and the occurrence of tion of NBPT as a urease inhibitor, or give evidence of the first application. In this study, NBPT was not added any effect of NBPT on urease activity. Rather, they suguntil after urine and feces had come in contact with each gest the facilitation of ammonia volatilization at doses other and was added only once, at the onset of the storage exceeding the recommendation and no effect on any period. In the current study, urea had the opportunity to parameter at the recommended dose, relative to the convolatilize as ammonia before manure collection. However, trol. The facilitated release of ammonia into the headanalyses of a subset of samples from the post-storage space was related to increased ammonium N concentracontainers revealed that low concentrations of urea retions in the slurry, although the variation in ammonium mained present in the manure samples (25-50 mg/L wet N concentration was independent of NBPT dose. Closer basis, compared with 90 mg/L for freshly mixed then examination of the effect of NBPT when applied to frozen urine and feces and 6000 mg/L for urine only).
freshly excreted manure is needed. However, with reHeadspace ammonia N concentration increased with spect to swine manure storage, uniform application of storage time (Table 4 ). The effect paralleled the pattern a urease inhibitor on a regular basis may prove cumberof ammonium N concentration, with vessels stored for some, providing less than optimal results in practice. 96 h having greater headspace ammonia N concentration than vessels stored for 24, 48, or 72 h. Slurry ammonium
Segregation Effects
N concentration, but not ammonium N as a percentage Urine samples were not analyzed for TS or VS concenof TKN, was positively correlated with headspace amtrations (Table 5 ). There were no main effects of storage monia N concentration (r ϭ 0.64, P Ͻ 0.05).
time on TKN concentration, pooled across substrates. The regression equations of ammonia N concentraHowever, urine, feces, and the mixture of urine and feces tion against dose of NBPT show increasing functions at varied in TKN concentration (Table 5) . Similarly, the 24, 72, and 96 h and a lack of response to NBPT at 48 h concentration of ammonium N and ammonium N, as a (Fig. 1b) . Except for vessels stored for 48 h, the slopes percentage of TKN, also differed by substrate with subincrease with storage time (3.20, 9.99, and 22.1 mg/m ; P Ͻ 0.0001; Table 5 ). At 24 h, the conthe mixture not intermediate as would have been excentration of ammonia volatilized from feces was undepected. Upon mixture of the urine and feces and before tected (Ͻ0.25 ppm). For the mixture, all headspace amanalyses of the initial samples, there was significant formonia N concentrations were positive, but not different mation of ammonium N in the slurry from non-ammoaccording to storage time, suggesting that the ammonia nium TKN.
was volatilized during the first 24 h, with no significant The post-storage ammonium N concentration and release in the remaining time periods. These findings ammonium N portion of TKN increased with increasing are consistent with summarized findings of Sommer and storage time (Table 5) , with significant accumulation of Hutchings (2001) . Despite high headspace ammonia N ammonium N during each day of storage. The vessels concentrations in the vessels containing the mixture, the containing the mixture steadily increased in ammonium movement of this nitrogen from the slurry to the head-N concentration between 24 and 96 h (Table 5) . Vessels space was insufficient to decrease final TKN slurry concontaining feces did not differ between 24 and 96 h of centrations, possibly due to the fraction of TKN that was storage time (mean 0.92 g/L). For vessels containing urine, in the form of organic N or because the closed environthe only storage time effect on ammonium N concentrament used in this study prevented a sufficient gradition was 96 h (0.90 g/L) compared with vessels stored ent in ammonia to cause significant loss of nitrogen to for 24 h (0.73 g/L; P ϭ 0.0256). Urine had the greatest the headspace. TKN concentration initially, but the formation of amHeadspace ammonia N concentrations in this trial monium N from other TKN was slowed in the absence were highly correlated with slurry ammonium N concenof feces.
trations and ammonium N as a percentage of TKN (r ϭ For ammonium N as a percentage of TKN, neither 0.96, P Ͻ 0.0001 and r ϭ 0.96, P Ͻ 0.0001, respectively). urine nor feces vessels differed between 24 and 96 h These very strong correlations are evidence of the efof storage time, but the vessels containing the mixture fects mixing urine with feces has on both ammonium N increased between 24 and 72 h (Table 5) , and were not production and the potential for ammonia N volatilizasignificantly greater at 96 h (70.2%) than at 72 h (67.9%, tion. Ammonium N production in manure largely re-P ϭ 0.0746).
quires the presence of both the substrate urea N from The greater ammonium N concentration of the mixurine and the catalyst urease, which is present in feces. ture compared with that of feces and urine, separately, Production of ammonia N is driven by concentration was reflected in the headspace ammonia N concentrations. The mixture volatilized at least 103 times more amof ammonium N and high pH, which is maintained by Final manure pH varied according to the treatments feces and 46.7% urine (American Society of Agriculprescribed (Table 6 ). Numerically, the final pH of the tural Engineers, 2003) . However, these calculated values vessels were different from initial pH ( Table 6 ). The pH represent only 22 and 0.7% of the observed values for changes may be attributed to the relative volatilization the mixture because the calculated values, based on obof ammonia, volatile fatty acids, carbon dioxide, and servations when urine and feces are segregated, do not pH-adjusting additives, as well as buffering effects of account for the impact that mixing fecal urease with the microbial population (Sommer and Husted, 1995 ; urinary urea has on liberation of urea to form ammo- Husted et al., 1991) . nium N and then transform into ammonia.
Total and volatile solids concentrations were not afManure management systems that completely prefected by treatment, and were not different between 24 vent swine urine and feces from mixing have the potenand 96 h of storage (Table 6 ). The concentration of TKN tial to decrease ammonia volatilization by more than changed with time stored (Table 6 ), but not pH. What 99% (137 vs. 1.32 and 0.66 mg/m 3 ; P Ͻ 0.0001; Table 5), caused TKN concentrations to increase between 24 and in large part because of decreases in ammonium N for-72 h then decrease from 72 to 96 h is not evident. mation. These findings are similar to experimental-scale Ammonium N concentration and ammonium N as a systems that have compared their ammonia concentrapercentage of TKN both increased over time and with tions to published data from commercial systems. Kasincreased pH (Table 6) TKN, respectively) was observed. These results suggest sured ammonia concentrations no greater than 7.5 ppm using the Drä ger tubes. Neither of these studies had that alkaline conditions facilitated the formation of am- monium N from organic nitrogen, and that across pH, amGeneral monium N built up over time. When manure was acidiIn none of the vessels was a large portion of the initial fied, there was a greater ammonium N concentration at TKN (Ͼ0.004%) or ammonium N (Ͼ0.007%) detected 96 h (1.19 g/L) than at 48 h (1.15 g/L; P ϭ 0.0220).
in the post-storage headspace ammonia N. This may be While manure that was unadjusted or alkalized showed because vessels remained closed until their storage time steady increases in the percentage of TKN as ammonia had expired. In all trials except the segregation trial, N over time, no storage time differences (P Ͼ 0.05) manure was collected after urine and feces had been were observed. allowed to mix, providing the opportunity for volatilizaHeadspace ammonia N concentrations increased more tion losses before experiment initiation. Even in the than sevenfold when manure was alkalized (7.4 mg/m 3 ) segregation trial, there was evidence that significant amcompared with when it was unadjusted or acidified (0.84, monium production had occurred in the time that elapsed 0.28 mg/m 3 ; Table 6 ). Ammonia volatilization continued between mixing the substrates and analyzing the bucket long enough within the alkalized vessels to demonstrate samples. Where TKN losses were observed, the correan increase in headspace ammonia N concentration with sponding headspace ammonia N accounted for a maxistorage time (Table 6 ). Headspace ammonia concentramum of 0.8% of the nitrogen loss suggesting additional tions were undetected (Ͻ0.25 ppm) until 48 h in vessels forms (unmeasured) of nitrogen loss. If this relationship containing acidified manure, and not different from zero holds for more conventional storage periods, it means in all acidified and unadjusted vessels. For the alkalized that decreases in nitrogen content during slurry storage vessels, headspace ammonia N accumulation was posiare probably the result of more than just ammonia volative at all storage times. Acidification did not reduce headtilization; that is, other forms of nitrogen may be lost. space ammonia N concentrations relative to the control In all trials, headspace ammonia N concentrations (unadjusted; pH 6.59). However, acidification did mainwere positively correlated with slurry ammonium N contain a reduced pH and prevented ammonium N concentrations. Headspace ammonia N concentrations were centration from increasing in the slurry during storage, generally very sensitive to increases in slurry ammonium which may contribute to significantly reduced ammonia N concentrations. All significant treatment differences in volatilization potential when manure is stored for longer ammonium N concentration corresponded with at least than 96 h. Positive correlations between headspace amsevenfold greater increases in headspace ammonia N monia N concentrations and ammonium N concentraconcentration, on a percentage change basis. This phetions, ammonium N as a percentage of TKN, and final nomenon may have resulted from additive effects of pH (r ϭ 0.79, P Ͻ 0.0001; r ϭ 0.78, P Ͻ 0.0001; and ammonium production on both the ammonium N concentration and pH of the slurry. Increases in both of r ϭ 0.74, P Ͻ 0.0001, respectively) provide support. these factors facilitate the dissociation of ammonium The assumption that ammonia N volatilization is responsible for most of the nitrogen loss during slurry and its subsequent volatilization as ammonia.
storage was probably not valid under the conditions of this experiment. It is not known what impact freezing CONCLUSIONS the manure sources before the experiment had on microbial nitrogen processes. Further research using direct Warmer temperatures increased TS and VS degradameasurement of other volatilized nitrogen compounds tion, ammonium N formation, and ammonia volatilizais needed to determine the major forms of nitrogen lost tion. In a review of factors affecting ammonia emissions from manure during storage. from field-applied manure, Sommer and Hutchings (2001) The design of this experiment only allowed for comdepict that as much as 50% of total nitrogen is volatilized parison of different levels of one strategy at a time. Furas ammonia at a temperature of 30ЊC compared with 35% ther investigation is needed to compare the potential when the temperature is 25ЊC; a nonlinear response. In of different strategies to each other and to evaluate the this study, the linear regression equation suggests that, effects of combinations of strategies. Furthermore, the using those temperatures, a five-degree temperature difuse of more dynamic equipment that allows repeated ferential would have a greater impact, possibly due to measurements of a particular storage vessel over time the contained environment under which this study was is needed to validate the storage time effects observed conducted. However, the actual data support a nonlinwith this static method. ear response such as that reported by Sommer and Hutchings (2001) that could not be evaluated using the three temperature points studied. Stirring facilitated both
